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Introduction 

Mannitol was determ ined to be generally recognized as safe (GRAS) based upon evaluation of 
information on its use and safety during the agency’s comprehensive review of direct human 
food ingredients (38 FR 20046, July 26,1973). However, the GRAS status was subsequently 
revoked, and an interim  food additive regulation (21 CFR 121.4005, now 23 CFR 180.25) was 
granted (39 FR 34178, Sept. 23,1974). The regulation was subsequently amended (61 FR 
7991, March 1, 1996) to allow for the use of mannitol produced by fermentation using the 
yeast Zygosaccharomyces rot&i. 

In the current petition, Hyman, Phelps and McNamara, P.C., on behalf of z&hem, Inc. 
(zuchem), is petitioning to amend $180.25 to include mannitol produced by fermentation 
using the m icroorganism Lactobacillw intermedius (fkrmeratum).’ Mannitol produced using 
z&hem’s method would be used in the same foods and at the same levels specified in 
8 180.25(d). 

Identitv . 

Marmitol 

Mannitol produced by fermentation is the same substance identified in $180,25(a) (i.e., 
1,2,3,4,5,6,-hexanehexol, C&&6). Mannitol is identified by the Chemical Abstracts Service 
(CAS) number 69-65-8, has a molecular weight of 182.17, and is known by the synonyms D- 
mannitol, man&e, manna sugar, and cordycepic acid. 

Fermentation M icrooraanism 

’ As discussed in Section E of the petition @ . 000009), the m icroorganism used in z&hem’s fermentation 
process was formerly classified as Laciobacilh intermediirs, but is now known as Laciobacillus fermenturn. For 
the remainder of this memorandum, we shall refer to the organism as Lactobacilhs&mentum. 

000533 



2 

The microorganism has been identified as LactobaciIlusfevmentum (Section E (p. 000009) 
and Appendix E, Attachment 1 (pp. 000110-l 13)). I ZuChem indicates that the microorganism 
has been identified in various fgad products including sourdough bread, fermented maize 
dough, cheese, and malt whiskey. Z&hem also notes that a urease preparation derived from 
Laclfobacihs fermenturn for use in w&making is listed as GRAS in 21 Cl?R 184.1924. 

The identity of the fermentation microorganism will be described by tm Office of Food 
Additive Safety (OFAS) microbiologist. We defer to the OFAS microbiologist regarding the 
identity of the fermentation microorganism. 

Manufacturing 

ZuChem states that they have developed an efficient method for the prodqtion of mannitol 
using a strain of Lactobacillus fermenturn which converts D-fructose to D-mannitol. The 
manufacturing process is described in Appendix A (pp. 000017-22). The primary sugar 
substrate used in the pro@tion of mannitol is fructose2, but secondary sugar sources can also 
include glucose, maltose, mannose, raffinose and galactose. 

We will rely ‘on the OFAS microbiologist to describe the fennentatian process in detail, but 
we will briefly describe the manufacturing process. 
is provided in Appendix A (p. OOO022).3 . 

.A flow chart of the manufacturing process 

St3ecifications 

Althaugh $180,25(b) specifies that mannitol must meet the specifications of the Third Edition 

’ ZuChem states (p. 000019) that the sugar feed is typically a mixture of high tictose corn syrup (which contains 
fructose and glucose) and liquid fructose in a fkuctosezglucose ratio rangiug from 3: 1 to 2: I. 
3Althou&h not specifically discussed in the petition, a referenced article (Ma, B.C., L.K. Nak-amura, 
“‘Production of mannitol and lactic acid b;y fermentation with Lactobucihs tntermedius NRRL B-3693. Biotech. 
Bioengineer. 82(7): 864-871,2003) discusses the efficiency of the fermentation pnicess. According to the 
article, Lacrobacillus interned&s converts a 2:1 mixture of fructose and glucose into mannitol, tactic acid, acetic 
acid and carbon dioxide at the theoretical ratios OE 
2 Fructose + 1 Glucose + 2 Manuitol + Lactic Acid + Acetic Acid + Carbon Dioxi& 
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* . 3 
of the Food Chemicals Codex (FCC RI), zuChem has provided specification data for the 
Fourth Edition of the Food Chemicals Codex (FCC IV). The FCC IV specifications, along 
with results from analysis of five lots of mannitol, are presented in Table 1, below (these data 

*- 
are reproduced from Part D, Table 1, p. 000008 in the petition). 

Table 1. FCC IV specifications for mannitol and compliance data for 5 lots of mannitol 
Lot Number 

Test FCC IV M0803-001 M0803- MO803-005 MO803-006 M0803-007 
Specifications 004 

Identification IR spectrum of sample . Exhibits Exbibits Exhibits Exhibits Exhibits 
exhibits maxima maxima maxima tIUXiIW3 maxima maxima 

Assay 
Chloride 

matching USP 
reference standard ’ 
96-lOlS%, dryweight 100.71% 
Not more than (nmt) 1 Pass 

100.42% 99.65% 99.79% 97.63% 
1 Pass Pass Pass Pass 

1 0.007% I I I 
Heavy Metals (as 1 Nmt 5 mgkg 1 Pass 1 Pass 1 Pass 1 Pass 1 Pass 

Specific rotation I Between t-137” and 1 +l41+9’ ] +139.730 1 +144.74O 1 +144.78” 1 +142.56* 
I  

Sulfate . 
’ 1 +145O 

I Nmt 0.01% 
I 
I Pass I Pass 

I 
) Pass 

I 
1 Pass 

I 
I Pass J 

ZuChem has ‘also provided the following: 
. * Reproductions of the FCC IV mannitol monograph and incorporated FCC analytical 

methods (Appendix B, pp. 0()0024-50) 
l Five certificates of analysis for five different lots confirming compliance with FCC Iv 

specifications (Appendix C, pp. 000052-61) 
l Report providing a discussion of specification testsperformed, summary data, and raw 

data for assay (chromatograms) and identification (infrared spectra) tests (Appendix D, 
000063-000101) 

These data demonstrate conformance with the FCC IV specifications. 

As stated previously, $180.25(b) requires comphance with the mannitol specifications listed in 
FCC III, not FCC IV. The specifications fkom the two editions of the FCC are compared in 
Table 2, below. 
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Tab le  2 . Compar i son  o f F C C  IU a n d  F C C  IV  speci f icat ions fo r  m a n n i to l  

d  Test 1  F C C  III Speci f icat ions 1  F C C  N  Spec i f icat ions 
Id e n tifica tio n  I W e t chemica l  test -  Passes  test IR spec t rum o f s a m p l e  exhib i ts  

m a tch i n g  U S P  re fe r e n c e  

T h e  speci f icat ions fo r  m a n & o 1  in  F C C  lIl a n d  F C C  IV  a re  fa ir ly  sim ilar. T h e  m a in 
d i f ferences a re  th e  fo l lowing:  

1 . T h e  i den tif ication tes t in  F C C  llI is a  w e t chemica l  m e th o d , whe reas  F C C  IV  re l ies o n  
in f rared spec troscopy. Th is  shou ld  n o t b e  a  concern ; th e  F C C  IV  i den tif ication tes t is 
equ iva len t to  o r  b e tte r  th a n  th a t in  F C C  Ill. 

2 . T h e  assay  in  F C C  IV  is sl ight ly b roade r  (96 -101 .5 % , dry  we igh t) c o m p a r e d  to  th a t in  
F C C  l I l (96-101 .l% , dry  we igh t). Th is  is n o t a  concern . A s can  b e  seen  in  Tab le  1 , 
m a n n i to l  p roduced  from  z u c h e m ’s process  a lso  comp l ies  wi th th e  F C C  III assay  
speci f icat ion. 

3 . F C C  III con ta ins  a  lim it fo r  arsenic,  whe reas  F C C  IV  does  n o t. Z u C h e m  shou ld  veri fy 
th a t m a n n i to l  p roduced  by  the i r  m e th o d  comp l ies  wi th th e  F C C  1 1 1  speci f icat ion fo r  
arsenic.  

4 . T h e  F C C  IV  heavy  m e ta ls  (as  lead)  lim it is m o r e  restr ict ive th a n  th a t in  F C C  III. Th is  
is n o t a  concern , M a n n i to l  th a t is comp l i an t wi th th e  F C C  IV  heavy  m e ta ls  (as  lead)  
lim it wi l l  a lso  comp ly  wi th th e  F C C  IU lim it. 

5 . T h e  m e lt ing r a n g e  speci f icat ion in  F C C  IV  is sl ight ly b roade r  th a n  th a t in  F C C  III. 
Th is  is n o t a  concern . A s can  b e  seen  in  Tab le  1 , m a n n i to l  p roduced  from  z u c h e m ’s 
process  a lso  comp l ies  wi th th e  F C C  III m e lt ing r a n g e  speci f icat ion. 

6 . T h e  va lues  fo r  speci f ic ro ta tio n  a re  different. Th is  is n o t a  concern . Spec i fic ro ta tio n  
va lues  a re  d e p e n d e n t u p o n  th e  so lvent  used  to  pe r fo r m  th e  tes t. T h e  r e c o m m e n d e d  
solvent  was  c h a n g e d  b e tween F C C  li l a n d  F C C  IV , resul t ing in  di f ferent va lues  fo r  
speci f ic ro ta tio n . M a n n i to l  th a t is comp l i an t wi th th e  F C C  IV  speci f ic ro ta tio n  
speci f icat ion shou ld  a lso  b e  comp l i an t wi th th e  F C C  lIL  speci f icat ion, w h e n  th e  
d i f ferences in  th e  so lvent  a re  taken  into cons idera tio n . 

Z & h e m  shou ld  p rov ide  ev idence  th a t m a n n i to l  m a n u fac tu red  us ing  the i r  p rocess  wou ld  
comp ly  wi th th e  F C C  III a rsen ic  lim it o f 3  p p m . Z u C h e m  shou ld  a lso  p rov ide  a  genera l  
s tatement  stat ing th a t m a n n i to i  p roduced  by  the i r  m e th o d  w o &  m e e t th e  speci f icat ions 
o f F C C  III, 

Use . Use  Leve l , a n d  In te n d e d  Tech&a l  E ffec t 

Z u C h e m  states th a t m a n n i to l  p roduced  by  the i r  fe r m e n ta tio n  process  is in tended  fo r  use  in  

0 0 0 5 3 6  



accordance with the conditions stated in $180.25. 
5 

We have no questions. ’ 

ANALYTICAL METHODS 

8 180.25 does not specify an analytical method for demonstrating compliance with the 
regulated use levels. We expect that mannitol produced by fermentation using Lactobacilhs 
j irmzentum could be detected in foods by the same analytical methods used to detect mannitol 
produced by one of the methods specified in $180,25(a). 

We have no questions. 

EXPOSURE ESTIMATE 

Mannitol 

Mannitol produced by the fermentation of Lactobucilhsferment would be used in the same 
way as mannitol produced by one of the methods currently listed in $180.25, As a result, the use 
of mannitol produced by fermentation of Lactobacillus fermenhcm would be substitutional for 
mannitol produced by currently-regulated methods. Therefore, the exposure to man&of would 
not increase. 

Fermentation Organism 

Z&hem states that no viable Luctobaciks fermentam organisms will remain in the final 
mamGto1 product produced by their method (Section E, p. 000009). . 

Based on this information, we agree that no 
viable Lactubacilfusfermentum organisms would be present in the final mannitol product. As 
a result, there would be no exposure to the fermentation organism. However, we defer to the 
OFAS microbiologist for further comment on this issue. 

Other sugar alcohols 

‘ZuChem has not discussed the presence of sugar alcohols, other than mannitol, in the additive 
produced by fermentation of Lactobacih fermentwn. Chromatograms generated to show 
compliance with the FCC IV assay test (pp. 77-91) show, in addition to mannito1, the presence 
of sorbitol. 

We request that ZaChem comment op the presence of any sugar alcohols, other than 
mannitol, in the final product Levels of these sugar alcohols sbouid be provided, along 
with appropriate supporting data. ZuChem should also comment as to whether the 
identity and levels of the sugar alcohols present in mannitol produced by the petitioned 
method are comparable to those present in mannitoi produced by the already-regulated 
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methods. R‘ L1 

Proaosed Revu’tation 

6 

The petitioner has proposed wording for the amendment of $180.25 to include marmitol 
produced by fermentation using Lactobucillus fermenturn (p. 000006). This wording appears 
adequate. 

Conclusion 

ZuChem is petitioning to amend 3 180.25 to allow for the safe use of mannitol produced by the 
fermentation of sugars using Lactobacilhs fermenturn. We have requested data from  
niChem regarding the con‘npliance of mannitol produced by their piocess with FCC III 
specifications, as well as tbeVconcentrations of other sugar alcohols k the final m & to1 
product. When these requests have been addressed, we shall continue our review of the 
chemistry-related.materials in thy petition. 

:* 
._ !J 

. . . . .-..A 

Daniel E. Folmer, Ph.D. 
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